In the paper we evaluate the influence of crown thinning with positive selection, different intensity (moderate PRP III and heavy PRP IV) and 5-year frequency on development of growth, production, quality and leaf area index of black walnut (Juglans nigra L.) monocultures growing on the series of three permanent research plots (PRP) Sikenica (Levice Forest Enterprise, Levice Forest District) as observed in . The trends of development of mean stem, basal area, standing volume and aboveground dendromass (in dry matter) were mainly influenced by heavy crown thinning. The index of growth was as follows: basal area 169.01%, standing volume 262.12%, aboveground dendromass (in dry matter) 324.48%. At the age of 64 years the black walnut monocultures tended by heavy crown thinning had the following parameters: basal area 31.03 m 2 /ha, standing volume 463.88 m 3 /ha and aboveground dendromass 194.98 t/ha. Mean periodic increment reached the values: basal area 0.51 m 2 /ha/year, standing volume 11.48 m 3 /ha/year and dendromass 5.39 t/ha/year. The index of increment percent growth was: basal area + 31.75%, growing stock + 30.85% and dendromass + 0.79%, compared to the control. The total production was also significantly influenced by heavy thinning. At the stand age of 64 years the tended stands had the total basal area of 4.92 m 2 /ha, total volume production of 572.77 m 3 /ha and total weight production of 246.04 t/ha. The total mean increment of basal area is 0.67 m 2 /ha/year, of volume 8.95 m 3 /ha/year and of weight 3.84 t/ha/year, which is by 24.07%, 23.96% and 16.01% more than on the control plot. The leaf area index at the age of 64 years ranges from 6.54 ha/ha (PRP III) to 7.82 ha/ha (PRP V). Dendrochronological analyses revealed minimum widths of annual rings in the years
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To introduce or not to introduce any alien woody plants into Slovak forests? And if yes, which ones? It is still an urgent issue, mainly because some exotic woody plants can contribute to forest production and also increase the stability and biodiversity of forest ecosystems to some extent. In conditions of Central Europe, together 10 criteria determining the choice in introduction of alien woody plants have been proposed (BERAN, ŠINDELÁŘ 1996; FRÝDL, ŠINDELÁŘ 2004) : sufficient production capacity, high wood quality, adaptability to the site, positive or no influence on the soil, resistance to abiotic factors, pests and diseases, exclusion of disease spreading, acceptable sensitivity or sufficient resistance to possible climate change, excluded invasive effects on indigenous vegetation and capacity of natural regeneration.
In Central Europe Douglas fir (Pseudotsuga taxifolia), grand fir (Abies grandis), red oak (Quercus rubra), black walnut (Juglans nigra) comply best with the above-mentioned criteria, and in the case of specific sites black locust (Robinia pseudoacacia) and Austrian pine (Pinus nigra) are also suitable to a smaller extent (FRÝDL, ŠINDELÁŘ 2004) .
The hitherto experience with commercial importance of the walnut (Juglans nigra L.) highly appreciates a very precious wood material (BERAN, ŠINDELÁŘ 1996; RÉH 1994 RÉH , 1996 ŠINDELÁŘOVÁ 1973) , valuable seeds (ŠIKA 1957) and fast growth rate at favourable sites (BERAN, ŠINDELÁŘ 1996; HOLUBČÍK 1968; HRÍB et al. 2003; PRUDIČ 1991; TOKÁR 1995 TOKÁR , 1996a TOKÁR ,b, 1998a TOKÁR ,b, 2000 . For these reasons, the tree species is recommended for more intensive growing in forests.
In this paper we evaluate the development of dendromass production (volume and weight) in black walnut monocultures growing on the series of permanent research plots (PRP) Sikenica influenced by different phytotechnology (thinning) performed in . We also examined tree dendrochronology during the development and drew conclusions about connections with the stand production.
An annual ring series is a long-term record of the history of diameter increments in the tree or even in the stand. This record can be evaluated quantitatively as the magnitude of diameter increment is influenced by age, genetic predispositions and external environment, that means the annual ring width is a multivariate function of age and external influences (climatic factors, pollutant load, disasters, changes in moisture and light conditions, silvicultural measures) (DRÁPELA, ZACH 1996) .
MATERIAL AND METHODS
The series of permanent research plots (PRP) Sikenica (Levice Forest District) has three plots, each 50 × 50 m in size. The series was established in 1978, in stand 9b. The stand was established in 1939, by sowing walnut seeds of native provenience at a triangular spacing of 2 × 2 m. In 1978, the stand was aged 39 years. Since the establishment, two cleanings were performed. In 1978 the stand was subjected to a delayed, fairly heavy thinning and other thinnings were performed in 1983, 1988, 1993, 1998 . As for the typology (HANČINSKÝ 1972) the stand belongs to the forest type group Ulmeto-Fraxinetum populeum (UFp), soil type blackland, and it is situated at an altitude of 150 m above sea level, climatic region A (warm).
Besides the diameter structure and the vertical storeys of the stand (social classes), we also assessed crown and stem quality (Table 1) . In addition to the basal area and stand volume production (HALAJ 1963 for oak; ŠMELKO 2000) , on each PRP and after each evaluation, the weight production was also determined on sample trees (aboveground dendromass in dry matter). The number of sample trees was determined for each plot separately, using the method of stratified selection according to the presence of separate basal areas in the tree classes and encountering the required allowance (ŠMELKO, WOLF 1977) . The converted values of dry mass of the individual components of aboveground biomass (stem, branches, one-year twigs, leaves and leaf area) were put in correlation with the diameter d 1.3 and the relation was fitted with a parabola of 2 nd degree. Such approximated values of the biomass were converted according to the proportions of trees in the stand diameter structure per 1-ha area.
As for the thinning method, PRP III and IV are treated by crown thinning with positive selection of different intensity (moderate on PRP III and heavy on PRP IV) and 10-year frequency. The purpose is to promote the development of black walnut stands with the aim to reach maximum production of the highest quality. The used thinning method is based on the tending of promising trees -in this case trees belonging to the 1 st and 2 nd tree classes, with the diameter thicker than the mean diameter at breast height -dbh in the stand and higher than the mean height in the stand. In addition to dimensional criteria, qualitative indicators (1 st and 2 nd classes of stem and crown quality) and distance between future crop trees are also considered. The results of volume and dry mass production are compared with the control plot.
The leaf area index (LAI) was determined from the photosynthetically active leaf surface that was measured with an EJKELKAMP photoplanimeter on three representative samples (3 × 100 leaves) for each stand type. Then we calculated conversion coefficients (weight of fresh leaves in kg divided by leaf area in m 2 in fresh state) which were thereafter used for conversion in all sample trees.
For the purpose of dendrochronology, in total 15 trees were processed. The sample trees were se- The measurement of annual ring width was performed using a digital positionmeter provided with the program DAS (Digital Analysis System, JANÍČEK 1991), at the Faculty of Forestry of TU Zvolen. The dating of the individual series of annual rings -synchronisation was also performed in the DAS system.
The filtering of the age trend (standardisation) and calculation of the annual ring indexes were also done using the DAS system, after the synchronisation.
The measured widths of annual rings were fitted with Hugershof 's function and a polynomial function of the 4 th degree. Climatic characteristics (mean monthly temperature in °C, monthly precipitation sum in mm, monthly sum of global radiation in KWh/m 2 , sunshine hours and air humidity in %) were provided by the Slovak Agricultural University in Nitra (ŠPÁNIK et al. 1995 (ŠPÁNIK et al. , 2002 .
Correlation coefficients were calculated between the curve of mean annual ring indexes (CMARI) of the examined black walnut trees and the monthly data of the local atmospheric conditions (mean monthly temperature in °C, monthly precipitation sum in mm, mean monthly sum of global radiation in KWh/m 2 , monthly sunshine hours and monthly air humidity in %) in the vegetation periods 1970 to 2000.
RESULTS

Development of stand structure and biosociological status of trees in the stand
The homogeneous stands of black walnut in the locality Sikenica (local name Hrable) have been grown from seed. The seed was of autochthonous origin and was collected from parent trees of an older stand at the site. The seeding was performed in spring 1939 into overall prepared soil, the applied method was pit seeding at a triangular spacing, with row distance 2 m and the distance between pits in a row also 2 m. Even-aged stands with more or less uniformly distributed trees over the plot were established in this way. The establishment of a thinning experiment in 1978 was preceded by two cleanings aimed to remove undesirable species from natural seeding and malformed black walnut trees.
Since 1978, the PRP series was subjected to five thinning interventions. The survey performed in 2003 resulted in the following tree numbers: PRP III (moderate thinning) 436 trees/ha, PRP IV (heavy thinning) 444 trees/ha and PRP V (control) 656 trees/ha.
According to the diameter structure, the stands are in the stage of maturing stemwood (KORPEĽ et al. 1991) .
As early as in 1984, we observed good natural regeneration of black walnut on PRP (2,404 trees per 1 ha, TOKÁR 1988 TOKÁR , 1998a , at present complemented by trees from the natural seeding of Negundo aceroides MOENCH from a stand in the neighbourhood, by the Hron river.
In terms of the stand structure and social structure in black walnut monocultures growing on the PRP series Sikenica, as observed in 1978 (Fig. 1A) codominant trees were most abundant (61.82% -PRP IV to 70.62% -PRP III).
The influence of dynamic changes in 1979-2003 was reflected in the following stand composition: codominant trees increased to 86.61% (PRP IV) -94.64% (PRP III), comprising also former subdominant trees ( Fig. 2A) . The proportion of codominant trees on the control plot was 74.39% only.
The mean tree class increased from the value of 2.26 to 2.03 (PRP III) and from 2.31 to 2.03 (PRP IV). An increase from 2.35 to 2.19 was recorded on the control plot.
Development of mean stem values
The development of mean stem values (Table 2) as observed over 25 years, was influenced most significantly by heavy crown thinning (PRP IV). In this case the highest growth index compared to the control and also the highest index of increment percent were reached (+33.97% for dry dendromass to +112.48% for mean stem volume).
Development of basal area, growing stock and aboveground dendromass
The values of the basal area of black walnut monocultures aged 64 years are (Table 3) The growing stock at the stand age of 64 years is from 381.12 m 3 /ha (PRP III) to 463.88 m 3 /ha (PRP IV). The highest growth index (262.12%) is on PRP IV (heavy thinning from above), where the highest mean periodic increment (11.48 m 3 /ha/year) and in-crement percent (6.49%) were also observed, which is by 30.85% more compared to the control. The loss of volume production on PRP III (moderate thinning) was 13.71% compared to the control. The aboveground biomass in dry state at the stand age of 64 years is from 173.61 t/ha (PRP III) to 207.56 t/ha (PRP V). The highest growth index (324.48%) was observed on PRP IV (heavy thinning from above). The same PRP also showed the highest increment percent (8.97%), which is only by 0.79% more compared to the control plot. The control plot has fairly high standing volume and aboveground dendromass because there are also higher tree numbers per one hectare. The formation of volume and weight production was positively influenced by heavy thinning.
Development of total basal area, total volume production and total aboveground dendromass production
The values of total basal area (stock + thinning + other losses -mortality, stolen wood) at the stand age of 64 years are from 37.99 m 2 /ha to 42.92 m 2 /ha, which is from + 9.26% to 24.07% more than in the control (Table 4) .
The total volume production (Table 4) in the tended black walnut monocultures ranges from 468.06 m 3 /ha (PRP III) to 572.77 m 3 /ha (PRP IV), which makes the difference from + 1.25% to + 23.96%, as compared to the control. The total mean increment is from 7.31 m 3 /ha/year (PRP III) to 8.95 m 3 /ha/year (PRP IV), which is by + 1.25% (TVP III)to 23.96% (PRP IV) more than on the control plot.
The total aboveground dendromass production in the examined stands is from 215.33 t/ha (PRP III) to 246.04 t/ha (PRP IV). The values of total mean increment range from 3.36 t/ha/year (PRP III) to 3.84 t/ha/year, which is from + 1.51% (III) to + 16.01% (IV) more compared to the control plot (Table 4) .
It can be seen from the results that the black walnut monocultures tended by heavy crown thinning with positive selection have both higher growing stock and higher total production than the untended monocultures. The homogeneous stands of black walnut tended by moderate thinning from above with positive selection have lower growing stock than the untended stands and practically the equal total production. 
Leaf area index (LAI)
In 1978, when the thinning experiment was established and the black walnut stands were 39 years old, the LAI values were 4.60 ha/ha (PRP III) and 4.70 ha/ha (PRP IV, V). In 2003, at the stand age of 64 years LAI values were as follows: 6.54 ha/ha (PRP III), 7.24 ha/ha (PRP IV), 7.82 ha/ha (PRP V).
For the tended black walnut stands the LAI values per tree are 150 m 2 (PRP III) -164 m 2 (PRP IV). On the control plot the value is only 119 m 2 , because of a lower number of trees.
Aboveground dendromass and leaf area index of promising trees
In 1978, at the stand age of 39 years, 148 to 172 promising trees were selected and permanently marked on each of the plots (Table 5 The highest growth index in all the variables as measured on promising trees was found on PRP IV (heavy thinning), with the best conditions for development of promising trees, which is also documented by the index of increment percentage of the studied variables in comparison with the control plot (higher by 5.01-27.02%).
Stem and crown quality
The black walnut monocultures on the PRP series Sikenica have a very high quality of mean stem, with the values (Fig. 1B) Already at the establishment of the thinning experiment in 1978 (Fig. 1B) , the most frequent trees 
Dendrochronological analysis
According to the dendrochronological analysis summarised in Table 7 , minimum values of the width of annual rings (as observed on increment cores taken from sample trees) were recorded in the years 1961, 1968, 1971, 1975, 1981, 1983, 1985, 1993, 2000 . The values ranged between 0.72 and 1.38 mm.
Maximum values were recorded in 1952, 1957, 1959, 1967, 1974, 1979, 1982, 1984, 1986, 1989 and 1999. The maximum values ranged from 1.57 to 2.55 mm. Thinning interventions performed in 1978, 1983, 1988, 1993, 1998 might have had a positive effect on the width of annual rings (e.g. 1979, 1984, 1989, 1999) . In 1994, one year after a thinning intervention in the dry year 1993 it was not manifested so unambiguously, only an increase occurred in comparison with the minimum in 1993 and an adverse effect of the drought was manifested also in the next year (Fig. 3) .
The mean value of the individual annual ring series was 1.392 to 1.679 mm. The total mean value of annual ring width for all the examined trees was 1.49 mm. Interval trend for all the increment cores (Table 6 ) had a value of 67% and the population signal of 16.948.
The maximum value of annual ring width (Table 6 ) was 4.21, minimum 0.35.
Sensitivity of the individual series of annual rings ranged between 0.251 and 0.362. The mean value of sensitivity of all the curves was 0.308.
The correlation coefficient between the curve of mean indexes (CMARI) and climatic characteristics over the vegetation period 1970-2000 points to very low positive correlations (r xy = 0.21 to 0.35 in mean annual humidity) and low negative correlations (r xy = -0.38 to -0.47 in the annual sum of global radiation). The correlation coefficient between the curve of mean indexes of the walnut trees on the PRP Sikenica over the period 1970-2000 and the mean annual humidity is r xy = 0.43. The correlation between the annual sum of sunshine hours and the CMARI curve is r xy = -0.32. The value of correlation coefficient between the annual sum of global radiation and CMARI was (r xy = -0.26). The highest values were reached in July (r xy = -0.26) and August (r xy = -0.42). A slight influence of temperature on the diameter increment in black walnut was evident in September (r xy = 0.21), to the end of the vegetation period; a negative influence was mainly observed in August (r xy = -0.37). The effect of precipitation on CMARI was observed in June and August (r xy = 0.24 and 0.22).
DISCUSSION
The influence of thinning on the development of stand structure and production was already discussed in our previous papers (TOKÁR 1991a (TOKÁR ,b, 1992a (TOKÁR ,b, 1994 (TOKÁR , 1995 (TOKÁR , 1996a (TOKÁR ,b, 1998a (TOKÁR ,b, 2000 .
The black walnut has been strengthened by thinning interventions and, in the case of mixed stands, the admixed species (red oak, small-leaved linden) also increased their growth rate and production quality. The thinning interventions are based on the choice, marking and growth promotion of promising trees. Trees meeting requirements for both quantity and quality are selected as promising trees (thicker and higher than the mean stand diameter and height, 1 st and 2 nd degree of stem and crown quality). The number of promising trees should be 250-300 trees per ha (TOKÁR 1991a (TOKÁR ,b, 1992a (TOKÁR ,b, 1994 (TOKÁR , 1996a (TOKÁR ,b, 1998a (TOKÁR ,b, 2000 .
Heavy crown thinning with positive selection and 10-year frequency is recommended as the thinning method in black walnut monocultures (TOKÁR 1992a (TOKÁR ,b, 1994 (TOKÁR , 1996a (TOKÁR , 1998a (TOKÁR , 2000 .
In the black walnut stands with admixed red oak or small-leaved linden moderate crown thinning with positive selection and 5-year frequency is recommended (TOKÁR 1991b (TOKÁR , 1995 (TOKÁR , 1996b (TOKÁR , 1998b .
Good results of growth and production of walnut trees were obtained in forest stands in South Moravia (HRÍB et al. 2003; PRUDIČ 1991) .
According to PAGAN (1996) , black walnut requires deep, fresh soil of hardwood floodplain forest with accessible groundwater level. In our conditions the tree can compensate lower precipitation by moisture uptake from the groundwater.
According to DRÁPELA and ZACH (1996) , diameter increment is substantially influenced by the tree sociological status in the stand. There is also a difference in the increment trend between shaded and sunny woody plants. Black walnut requires a sufficient light supply for its height and mainly diameter increment (PAGAN 1996; TOKÁR 2000) , which may be positively manifested as an individual response of the remaining trees after thinning intervention.
In a survey GRUBER (2002) found the mean width of annual rings in European beech (Fagus sylvatica L.) about 1.3 mm/year, in black walnut (Junglans nigra) from 1.392 to 1.679 mm/year, according to the individual sample trees. The total mean value of all walnut sample trees was 1.49 mm.
The effects of individual climatic factors on diameter growth could be strengthened or weakened (KONNERT et al. 1989) . In conditions of Central Europe the effects of temperature and moisture are mutually complemented. The air moisture toward FIEDLER and WENK (1973) reported that at the end of vegetation period (August, beginning of September) and end of diameter growth the effect of temperature on diameter increment is negligible, what was also proved by our results. GRUBER (2001) confirmed a negative correlation between diameter increment and global radiation toward the end of vegetation period, which is in accordance with our results.
CONCLUSION
In the paper we assessed the influence of crown thinning with positive selection, different intensity (moderate and heavy) and 10-year frequency on development of growth, production, quality and leaf area index of black walnut (Juglans nigra L.) monocultures growing on the series of three permanent research plots (PRP) Sikenica (Levice Forest Enterprise, Levice Forest District) during the period 1978-2003. The trends of development of quantitative characteristics (mean stem, basal area, standing volume, aboveground dendromass and LAI) and qualitative characteristics (stem and crown characteristics) were mainly affected by heavy crown thinning. Dendrochronological analyses revealed minimum and maximum widths of annual rings. In the synergic effect of thinning interventions and climatic conditions, their correlations with the curve of mean annual ring indexes (CMARI) were assessed. Low positive correlations (with air humidity and precipitation) and low negative correlations (with air temperature, global radiation, sunshine hours) were found out. 1952, 1961, 1968, 1971, 1975, 1981, 1983, 1985, 1993, 2000 boli dosiahnuté minimálne šírky letokruhov. V rokoch 1951, 1957, 1959, 1967, 1974, 1979, 1982, 1984, 1989, 1999 sa namerali maximálne hodnoty šírok letokruhov.
Kľúčové slová: orech čierny; prebierky; rast; produkcia; dendrochronológia; index listovej plochy rakteristikami (priemerná mesačná teplota vzduchu v °C, mesačný úhrn zrážok v mm, mesačný úhrn globálneho žiarenia v KWh/m 2 , trvanie slnečného svitu v hodinách, vlhkosť vzduchu v %). Vplyv sledovaných klimatických charakteristík na PILK sa najviac pozitívne prejavil pri priemernej ročnej vlhkosti vzduchu a negatívny vplyv mesačného úhrnu globálneho žiarenia na konci vegetačného obdobia.
Ďalší dendroekologický výskum orecha čierneho z viacerých plôch môže potvrdiť dobré aklimatizačné vlastnosti tejto teplomilnej a svetlomilnej dreviny na území Slovenska, ktorá má kvalitnú produkciu drevnej hmoty (suroviny) pre drevársky priemysel. Pre uvedené vlastnosti môže nájsť orech čierny širšie uplatnenie v lesníckej praxi v nižších vegetačných stupňoch Slovenska.
